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SUMMARY

Parameterization in crop simulation modelling is a general procedure to calibrate a crop model to
explore the best fit for a certain regional environment of interest. The parameters of radiation use
efficiency (RUE) and light interception coefficient (k) of cotton (Gossypium hirsutum) for different
cultivars were estimated under various irrigation conditions in South Texas in 2006 and 2007. A
calibration procedure was then performed for determination of RUE using the environmental policy
impact calculator (EPIC) crop model (Williams et al. 1984). This was carried out using data sets
obtained separately from the data for parameter estimation. The estimates of k and RUE were 0.63
and 2.5 g/MJ, respectively, which were determined based on the field experiment and variation of
simulated lint yield. When the parameters were used with EPIC to simulate the variability in lint
yields, a correlation coefficient of 0.86 and root mean square error (RMSE) of 0.22 t/ha were
obtained, presenting no significant differences (paired t-test : P=0.282) between simulation and
measurement. The results demonstrate that an appropriate estimate of the model parameters
including RUE is essential in order to make crop models reproduce field conditions properly in
simulating crop growth, yield and other variables.

INTRODUCTION

A physiological-based description of crop growth can
be explained through estimating changes in the total
amount of radiation and ‘the efficiency of radiation
conversion to dry matter’, which was defined as radi-
ation use efficiency (RUE, g/MJ) by Monteith (1977).
This concept is widely used in crop models to simulate
crop dry matter accumulation. RUE can be measured
as ‘the slope of the regression of the gross amount of
dry matter produced upon the cumulated amount of
intercepted light energy’ (Charles-Edwards et al.
1986). According to Gallagher & Biscoe (1978), RUE
values for common C3 plants range from 2.0 to 3.0 g/
MJ, while those for C4 plants range from 3.0 to

4.0 g/MJ (Kiniry et al. 1989). RUE is influenced by
the combination of light interception and the photo-
synthetic activity of individual leaves within the
canopy, which are affected by environmental and
management factors (Foale et al. 1984; Sinclair &
Horie 1989; Rosenthal & Gerik 1991; Rosenthal et al.
1993).
Cotton cultivars have shown diverse growth rates,

which may be attributable to differences in RUE
(Rosenthal & Gerik 1991). Studies demonstrate that
cotton RUE values vary, dependent upon various en-
vironmental conditions as well as cultural and man-
agement practices. Cultural practices, such as cultivar
selection and plant density, were reported to affect
RUE (Foale et al. 1984; Rosenthal & Gerik 1991;
Rosenthal et al. 1993). Also, Sinclair & Horie (1989)
reported that management practices, such as soil fer-
tilization, could influence the differences in RUE as
a result of an influence on photosynthetic activity.
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Some of the reported RUE values of cotton in the
USA are: 2.55 g/MJ for irrigated cv. Acala SJ-2 grown
in California (Howell & Musick 1985), 2.3 g/MJ for
irrigated cv. Paymaster 2326 grown in Texas High
Plains (Ko et al. 2005) and 1.5 g/MJ for cv. Acala and
1.3 g/MJ for cv. Tamcot gown in Texas Prairies
(Rosenthal & Gerik 1991).
Charles-Edwards et al. (1986) stated that the

amount of photosynthetically active radiation (PAR)
intercepted by a plant depends on leaf area distri-
bution, which directly affects the light interception
coefficient (k) for Beer’s law. According to Monsi &
Saeki (1953), k can be described as

T=Ir exp (krLAI) (1)

where T is transmitted radiation through a canopy,
I is incoming radiation, and LAI is leaf area index.
Kiniry et al. (2005) noted that reduced k values are
estimated for more upright leaves and allow better
light penetration into leaf canopies, eventually caus-
ing RUE to increase when biomass is source-limited.
This was demonstrated by reports for peanut (Bell
et al. 1993) and diverse C4 grasses (Kiniry et al. 1999).
However, it has not been reported that changes in k
affect the RUE values for cotton crops.
Since many crop models use RUE and k as their

parameters, appropriate values of the parameters
must be determined before a crop model is employed.
In the present study, 2 years of diverse weather con-
ditions in terms of rainfall were purposely chosen and
RUE and k values determined for different cultivars
at various irrigation regimes. To validate the par-
ameter RUE in South Texas, crop yield was also
simulated using the environmental policy impact cal-
culator (EPIC) crop model with the RUE values de-
termined.

MATERIALS AND METHODS

Field study for parameterization

Cotton was grown on an Uvalde clay soil (fine-silty,
mixed, hyperthermic Aridic Calciustolls, with a pH
of 8.1) during 2006 and 2007 at Texas A&M AgriLife
Research Center inUvalde, Texas (29.2175N, 99.7572
W; 283 m asl). In 2006, six commercial cotton var-
ieties from Bayer CropScience (Research Triangle
Park, NC, USA) were planted on 11 April : ST5599,
ST4892, ST4664, ST4700, ST5007 and 989B2R. Seed
density was 20 647 seeds/ha with 1 m between rows;
crops were harvested on 7 September. In 2007, four
varieties from Bayer CropScience and Delta and Pine
Land Company (Scott, MS, USA) were planted on
23 April and harvested on 17 October: ST4554,
DP555, DP164 and FM9063. The varieties selected
were among those best adaptable to this region from
commercially available varieties for both years. After
having narrow yield variations among the varieties in

2006, varieties were selected considering more various
genetic pools in 2007. The experiments in both years
were arranged in a split-block design with each main
plot (irrigation) replicated twice and each subplot
(variety) replicated three times. A 90x wedge of the
centre pivot circled field (c. 4.8 ha) was divided
equally into 15x irrigation regimes, which were main-
tained at 1.00, 0.75 and 0.50 crop evapotranspiration
(ETc) values. The varieties were randomly arranged
within each main plot.
Irrigation scheduling and ET regimes for the field

were imposed according to daily calculations of
the standardized ASCE-PM equation (ASCE-EWRI
2005). Actual crop water use requirements for cotton
were determined based on the relation to a well-
watered reference grass. The equation was as follows:

ETc=KcrETo (2)

where Kc is the crop coefficient and ETo is the refer-
ence evapotranspiration. ET from a tall fescue grass
(Festuca arundinacea Schreb.) with a height of 0.12 m
and a surface resistance of 70 s/m was the ETo sur-
face employed in Kc. The total amount of irrigation
from seeding to maturity (prior to defoliation) was
487.7 mm in 2006 and 139.7 mm in 2007. During
these periods, rainfall recorded was 71.4 mm in 2006
and 575.8 mm in 2007. Weather data, including rain-
fall and daily solar radiation (SR), were collected at
a weather station 150 m from the field.
Measurements of fraction of PAR intercepted, leaf

area index (LAI) and plant dry weights were taken on
11 June, 28 June, 16 July and 12 September 2007.
PAR interception was measured during the growing
season with a 1 m long LI-191SA line quantum sensor
(LI-COR Inc., Lincoln, NE, USA). A series of mea-
surements was taken in rapid succession, consisting
of 10 PAR readings above the canopy, 10 below the
canopy and 10 more above the canopy. While taking
the readings below the canopy, the light sensor was
moved across the plant row. Measurements were
taken between 11:30 and 12:30 central daylight time
during times with moderately stable incident SR.
Tollenaar & Bruusema (1988) demonstrated that radi-
ation measured near to solar noon can be represen-
tative of integrated daily radiation. The fraction of
PAR intercepted was determined with the mean va-
lues of the above- and below-canopy measurements,
respectively.
Destructive samples were taken of biomass ac-

cumulation in 1.0 m lengths of row on 31 May (151
days after sowing (DAS)), 20 June (171 DAS), 18 July
(199 DAS) and 21 August (233 DAS) in 2006; 11 June
(161 DAS), 28 June (179 DAS), 16 July (197 DAS)
and 12 September (255 DAS) 2007. A representative
plant was randomly selected from each sample and
leaf area was measured with a LI-COR LI-3100 leaf
area meter (LI-COR Inc., Lincoln, NE, USA). The
plants were weighed after being dried in a forced-air
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drying oven at 70 xC until the weight stabilized. Leaf
area of the entire sample was calculated from the leaf
area of the one plant and the ratio of the total dry
weight of all plants divided by the dry weight of the
one plant. Based on these techniques, values for LAI,
above-ground dry weight (AGDW) and intercepted
PAR were derived.
Light interception coefficients (k) were calculated

from transmitted (T) and incoming (I) PAR data.
Values for k were calculated for each variety as

k=[ ln (T=I)]=LAI (3)

Daily radiation intercepted by the canopy was calcu-
lated from the determined k, incoming and reflected
PAR, and interpolated LAI estimated between radi-
ation measurements. Incoming PAR was assumed to
be 0.45 of daily total SR (Monteith 1965; Howell et al.
1983; Meek et al. 1984). RUE was calculated from the
slope of the AGDW (g/m2) as a function of accumu-
lated intercepted PAR (MJ/m2).

Simulation study

Two different types of field data sets were used: a set of
field data collected on a research field of Texas A&M
AgriLife Research Center in Uvalde, Texas, in 2003,
2004 and 2005; and a set of field data collected on
farm fields at three counties of South Texas in 2006
and 2007 (Fig. 1). Cotton cultivar ST4892 (Bayer
CropScience) was grown at the Research Center field
for the 3 years. Cumulative growing degree days
(GDD), general weather conditions and total amounts
of irrigation during each crop season are summarized

in Table 1. Cotton lint yield was determined by ran-
domly sampling and harvesting 3 m2 for each plot.
For the grower’s field data, detailed information on
each field and its cultural practices are summarized in
Table 2. Cotton lint yield was determined based on
the measurement of total lint harvested from each
field.
The EPIC model (Williams et al. 1984) was

employed in the present simulation study. EPIC in-
cludes physiologically based components to simulate
erosion, plant growth and related processes. Model
components include weather, hydrology, erosion, nu-
trient cycling, soil temperature, crop growth, tillage,
pesticide fate, economics and plant environmental
control. The plant growth model in EPIC (Williams
et al. 1989) simulates agronomic crops, pastures and
trees, with each crop having unique values for the
model parameters. Values of several yield-related
parameters (Wang et al. 2004) used for crop simu-
lation in the present study are listed in Table 3. The
harvest index (HI) is the ratio of economic yield to
the above-ground biomass. The water stress-harvest
index, PARM(3), sets the fraction of growing season
when water stress starts to reduce the HI. The Soil
Conservation Service (SCS) curve number index co-
efficient, PARM(42), regulates the effect of potential
evapotranspiration in driving the SCS curve number
retention parameter. The retention parameter impacts
runoff volume and changes with soil water content.
The differences in soil water content for each layer
between field capacity and wilting point (DIFFW)
impact water storage for plant use and water stress
factor for crop growth.
Weather data used in the simulations were collected

with a standard Campbell Scientific meteorological
station (Campbell Scientific Inc., Logan, UT, USA) at
each location and are available at the Texas AgriLife
Research and Extension Center website (http://
uvalde.tamu.edu/weather/weather.php, verified 12
November 2008). Simple linear regression and paired
t-test were analysed using PROC REG and PROC
TTEST (SAS version 9.1, Cary, NC, USA), respect-
ively.

RESULTS

Values of the light interception coefficient (k) ob-
tained for different cultivars under different irrigation
treatments in 2007 ranged from x0.56 to x0.72
(Fig. 2). The mean value of k determined with Eqn (3)
was x0.63, which generally matched the one esti-
mated with the relationship between fractional
transmitted radiation and LAI. A k value in 2006 was
determined based on the relationship between the
proportion of the daily light energy intercepted by the
crop canopy (Q0=1xexk.LAI) and k values (Fig. 3),
assuming that the Q0 value agreed with the measured
cotton canopy cover in the field. This estimation

0 100 200 300 km

Frio Bexar
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Zavala
Uvalde

San Antonio

Fig. 1. Map of the region where cotton data were obtained
for parameterization and simulation.
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method was previously used by Ko et al. (2005). In
the present study, the k estimate was c. x0.65 when
the crop canopies fitted to the maximum LAI value
(2.3 m2/m2).

To obtain RUE, accumulated intercepted-
radiation was compared with AGDW for each irri-
gation treatment and each cultivar (Fig. 4). As plant
biomass increased, significant differences in AGDW

Table 1. Summary of weather conditions and irrigation amounts during each cotton growing season at Texas
AgriLife Research Center at Uvalde, Texas

Seeding to maturity

GDD*
(xC)

Average temp
(xC)

Rainfall
(mm)

Irrigation
(mm)#Year Date

2003 02 Apr–11 Aug 1898 26.3 318.3 253.5
2004 01 Apr–16 Aug 1770 24.7 274.1 257.6
2005 07 Apr–07 Aug 1748 26.1 140.7 337.3
2006 13 Apr–20 Aug 2114 28.2 71.3 604.3
2007 16 Apr–07 Aug 1989 25.4 575.8 76.2

* GDD, growing degree days, above a base temperature of 12 xC.
# Total amounts of irrigation. Irrigation rates based on in-field-calculated ETc rates.

Table 2. Summarized information of farms and their cropping practices in 2006 and 2007 used in crop simulation

Year Site County

Latitude (N),
longitude (W);
elevation (m) Soil type Seeding to harvest

Irrigation
(mm)

2006 1 Zavala 28.902, 99.568; 201 Uvalde silty clay loam 10 Apr–29 Aug 425
2* Uvalde 29.191, 99.855; 282 Montell clay 30 Mar–29 Aug 406
3 Uvalde 29.293, 99.762; 302 Knippa clay 04 Apr–29 Aug 464
4 Uvalde 29.284, 99.761; 297 Knippa clay 03 Mar–29 Aug 419
5 Frio 28.898, 99.126; 181 Duval loamy fine sand 05 Apr–02 Sep 533

2007 6 Uvalde 29.320, 99.368; 334 Montell clay 20 Apr–10 Sep 25
7 Uvalde 29.176, 99.760; 268 Uvalde silty clay loam 04 Apr–20 Aug 0
8 Medina 29.375, 98.971; 309 Victoria clay 05 Apr–15 Oct 0
9 Medina 29.397, 98.893; 251 Knippa clay 10 Apr–28 Sep 0
10 Medina 29.335, 98.798; 213 Lewisville silty clay 26 Apr–23 Oct 76
11 Bexar 29.333, 98.626; 208 Houston Black gravelly clay 17 Apr–01 Oct 0

* Two fields were used from this site.

Table 3. Yield-related EPIC parameters used

Parameter Symbol* Value Source of range

Harvest index HI 0.45 J. R. Williams (personal communication)
Water stress-harvest index coefficient PARM (3) 0.5 J. R. Williams (personal communication)

and Wang et al. (2004)
SCS curve number index coefficient PARM (42) 1.0 J. R. Williams (personal communication)

and Wang et al. (2004)
Difference of soil water contents
at field capacity and wilting point (/mm)

DIFFW 0.2 Morgan et al. (2003) and Wang et al. (2004)

* Parameter symbols used in the EPIC model.

172 J. KO ET AL.



were found between 1.00 and 0.50 ETc treatments as
well as among the cultivars. However, there were no
interactions between irrigation and cultivar, either in
2006 or 2007. Slopes of the linear relationships rep-
resent RUE values for irrigation treatments and dif-
ferent cultivars, showing average values of 1.5 g/MJ
in 2006 and 2.2 g/MJ in 2007. RUE values in 2007
ranged from 2.0 to 2.5 g/MJ, while those in 2006
ranged from 1.3 to 2.0 g/MJ (Table 4). Since an RUE
estimate is considered to be determined for crops
under environmentally unperturbed conditions, the
maximum value (2.5 g/MJ) found was tentatively de-
termined as an RUE parameter of cotton grown un-
der the South Texas conditions.
The EPIC model was then calibrated using the

RUE estimates to determine an appropriate RUE
value for simulation studies in South Texas. When the
RUE value of 2.5 g/MJ was employed, EPIC simu-
lated the variability in lint yields, with a correlation
coefficient (r) of 0.86 and root mean square error
(RMSE) of 0.22 Mg/ha (Fig. 5). While some of the
farm field data points in 2007 were overestimated in
simulation, paired t-tests showed that simulated
yields were not significantly different from the mea-
sured yields with P=0.282 for collective data (P=
0.063 for the experimental field data from 2004 to
2005; P=0.807 for the farm field data in 2006 and
2007). The regression line was generally close to the
1:1 line with a slope of 0.79 and R2 of 0.74. Measured
yields ranged from 1.0 to 2.7 t/ha while simulated
yields ranged from 1.1 to 2.5 t/ha. The upper 95%
confidence interval of the regression ranged from 1.2

to 2.6 t/ha while the lower 95% confident interval
ranged from 0.9 to 2.1 t/ha. Lysimeter-measured crop
water use under unstressed crop conditions was pre-
viously compared with two different methods of irri-
gation calculation: firstly, in-field calculation with the
standardized ASCE-PM formula and secondly, EPIC
using the Hargreaves–Samani equation (Hargreaves
& Samani 1985). This was performed as a preliminary
validation of the EPIC model. No statistical differ-
ence was found between the ETc values of lysimeter-
measured and the two different methods of irrigation
calculation (data not shown). However, cumulative
ETc varied during the growing seasons among the
three methods of measurements (Fig. 6). Meanwhile,
in-field calculated ETc agreed with the lysimeter-
measured ETc with r value of 0.93 and RMSE of 1.34,
and EPIC–Hargreaves–Samani simulated ETc agreed
with lysimeter measured ETc with r value of 0.63 and
RMSE of 2.76. While daily ETc rates were somewhat
in general agreement between the measured and simu-
lated values, the variations of daily cumulated ETc
were within an acceptable range. In-season differ-
ences among ETc methods varied, possibly due to
inexact simulation growth curves or growth stage
specific crop coefficients.

DISCUSSION

Two different k determination methods were demon-
strated, one with direct measurement of the light in-
terception by the plant canopy (Fig. 2) and the other
with indirect estimation using the relationship be-
tween the proportion of the daily light energy inter-
cepted by the crop canopy (Q0=1xexk.LAI) and
k values (Fig. 3). However, care should be taken when
the latter is employed to determine k values. Esti-
mates can vary depending on the canopy conditions
as shown for the indirectly estimated k value in 2007
(Fig. 7), which was between x0.6 andx0.7 based on
the relationship between theQ0 and k values when the
crop canopy fitted to the maximum LAI (6.5 m2/m2).
One of the solutions for this would be to determine a
k value before the plant canopy reaches full ground
cover (e.g. the dotted lines in Fig. 7).
The k value determined in the present study is in

agreement with the range of k value for the plants
with horizontal leaves hypothesized by Rosenberg
et al. (1983). In addition, the k value generally corre-
sponded to the value of x0.65, used in the EPIC
model (Williams et al. 1989). On the other hand, the
k value obtained in the present study was slightly
higher than the values ofx0.77 found by Ronsenthal
& Gerik (1991) in Texas and x0.76 found by Howell
& Musick (1985) in California, but generally lower
than the value of x0.45, described by Jackson &
Hearn (1990), grown in Texas. According to the note
by Kiniry et al. (2005), changes of k values affect RUE
values. Such a trend was reported for peanut (Bell

T = exp(–0·64 × LAI)
R2 = 0·90
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et al. 1993) and diverse C4 grasses (Kiniry et al.
1999). However, it has not been reported that changes
in k affect the RUE values for cotton crops. A cotton
study in Australia by Milroy & Bange (2003) also
demonstrated that RUE values were not affected by
the changes of k values, which ranged from x0.51 to
x0.99.
The RUE values found in the present study in

2007 were within the range common for C3 plants
(2.0–3.0 g/MJ; Gallagher & Biscoe 1978) and

generally agreed with the cotton RUE values of
2.55 g/MJ, found by Howell & Musick (1985), and of
2.3 g/MJ, found by Ko et al. (2005). However, the
values found in the present work in 2006 corre-
sponded to the cotton RUE values of 1.5 and 1.3 g/
MJ for each variety of the cultivars Acala and
Tamcot, reported by Rosenthal & Gerik (1991). The
difference of the RUE values between the 2 years in
the present study can be attributed to two extreme
seasonal rainfalls, 71.4 mm in 2006 and 575.8 mm in
2007. Even though irrigation was applied based on
the actual crop water use requirements in both years,
it is considered that plants in 2006 were grown under

Table 4. Linear relationships between cumulative
AGDW and accumulated absorbed photosynthetically
active-radiation (x) for different irrigation treatments
and cultivars in 2006 and 2007. RUEs are the slopes of

the relationships

Year Treatment
Linear

regression R2

2006 Irrigation 1.00 ETc 1.8xx21.3 1.00
0.75 ETc 1.4x+4.81 0.98
0.50 ETc 1.4x+8.1 0.98

Variety FM989 1.3x+4.0 0.99
ST4664 1.4xx2.3 0.99
ST4700 1.7xx12.0 0.98
ST4892 1.4x+9.4 0.98
ST5007 1.3x+17.1 0.97
ST5599 2.0xx32.9 0.99

2007 Irrigation 1.00 ETc 2.3xx59.3 0.98
0.75 ETc 2.2xx31.1 1.00
0.50 ETc 2.1xx12.7 1.00

Variety DP164 2.5xx59.3 1.00
DP555 2.5xx27.2 1.00
FM9064 2.2xx0.13 0.98
ST4554 2.0xx9.70 0.97

3·0

2·5

2·0

1·5

1·0

1·0 1·5 2·0 2·5 3·0

1:1

Si
m

ul
at

ed
 li

nt
 y

ie
ld

 (
t/h

a)

Measured lint yield (t/ha)

2003
2004
2005
2006
2007

y = 0·79x + 0.30
r = 0·86 (P < 0·0001)
RMSE = 0·22

Fig. 5. Measured v. simulated lint yield with EPIC model
using data obtained at Texas AgriLife Research Center field
from 2003 to 2005 and at farm fields from 2006 to 2007.
Dashed lines represent the 95% confidence interval for the
mean of the simulated values.

800

700

600

500

400

300

200

100

0

700

600

500

400

300

200

100

0

18
16
14
12
10

8
6
4
2
0

5/8 5/22 6/5 6/19 7/3 7/17 7/31

5/14 5/28 6/11 6/25 7/9 7/23 8/6 8/20 9/3

Date (M/D)

0 2 4 6 8 10 12 14 16 18

Calculated or EPIC simulated ETc (mm)

Ly
si

m
et

er
 m

ea
su

re
d 

E
T

c 
(m

m
)

E
T

c 
(m

m
)

2006

2007

2006/07 1:1

In-field calculated
Lysimeter
EPIC–Hargreaves

In-field calculated
Lysimeter
EPIC–Hargreaves

Lys v. In-field calculated

Lys v. EPIC–Hargreaves
RMSE = 1·34
r = 0·93 (P = 0·0001)

r = 0·63 (P = 0·0001)
RMSE = 2·76

Fig. 6. Lysimeter-measured ETc v. two methods of esti-
mating ETc (in-field-calculated with the standardized
ASCE-PM equation and EPIC-simulated using the
Hargreaves–Samani equation) for cotton, Uvalde, TX, in
2006 and 2007. The in-field calculation was made using Eqn
(2), i.e. ETc=KcrETo.

Parameterization of EPIC for cotton growth modelling 175



environmental stress involving water deficit in com-
parison with those in 2007. Similar differences were
reported by Milroy & Bange (2003) ; depending on
field conditions, RUE varied from 3.1 to 0.8 g/MJ at
the same location.
Parameterization is a modelling technique that uses

an empirical function to approximate the response of
a physical system over a given range of environmental
conditions (Huschke 1959). This technique reduces
the complexity of models, simplifies the input re-
quirement of models and makes them easier to use for
operational purposes. Appropriate parameter esti-
mation is critical to reproduce the field conditions of a
crop when using crop models, including EPIC. The

traditional method of establishing the model par-
ameter values has been through the analysis of data
obtained from controlled-environment and field stu-
dies (Maas 1993). The parameter value of k varies
with foliage characteristics, solar angle, row spacing
and direction, and latitude (Thornley 1976), while the
value of RUE varies dependent upon various en-
vironmental conditions as well as cultural and man-
agement practices (Foale et al. 1984; Sinclair & Horie
1989; Rosenthal & Gerik 1991; Rosenthal et al. 1993;
Milroy & Bange 2003). Given that the value of k used
in EPIC (x0.65) is representative of crops with nar-
row row spacing (Williams et al. 1989), the present
study employed various RUE values to EPIC for
simulating cotton lint yield (Fig. 8). In parameteriz-
ation, as the empirical function will not necessarily
produce accurate results for all possible conditions,
the modeller selects the empirical functions that will
result in sufficient accuracy for conditions likely to be
experienced in the application of the model (Maas
1993). As the present simulation results show that the
parameters used did not necessarily reproduce the
field conditions, the various RUE values were objec-
tively employed to explore the feasible range of the
parameter value to fit to the measured lint yield.
While the RUE values of 2.3–2.7 g/MJ can be applied
to reproduce the cotton growth within the standard
error range, the simulated lint yield with RUE 2.5 g/
MJ closely agreed with the measured lint yield.
Therefore, it is considered that the RUE value of
2.5 g/MJ is suitable to reproduce the measured field
conditions.
Daily ETc rates were in general agreement between

the measured and simulated values and the variations
of daily cumulated ETc were within an acceptable
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range. In-season differences among ETc methods
varied, possibly due to inexact simulation growth
curves or growth stage specific crop coefficients. The
validation result demonstrates that the EPIC model
using the RUE estimate can reproduce the field con-
ditions of cotton in South Texas. Previously, Williams
et al. (1989) reported that EPIC could accurately
simulate crop responses to irrigation at locations in
the western USA. More recently, Ko et al. (2007)
verified that EPIC could be employed to simulate
crops under various irrigation managements in the
conditions of South Texas. In addition, the model has
successfully been calibrated elsewhere in the world,
such as China (Huang et al. 2006) and France
(Cabelguenne et al. 1990).
EPIC has been verified as a suitable model for

simulating long-term average crop yields. However,
further efforts with intense investigation of the other
parameters for the model are needed to adequately
simulate yield in particular low- and high-yielding
years, as shown in some of the farm field data for the
present study as well as found in previous studies by
Bouzaher et al. (1993) and Martin et al. (1993). As
Kiniry et al. (1995) pointed out, overestimation of the
amount of plant-available water at field capacity can
cause EPIC to overestimate yield in dry years. It is
considered helpful to measure maximum depth of

water extraction using appropriate cultivars in the
region.
The k (x0.63) and RUE (2.5 g/MJ) values of cot-

ton were determined based on the field experiment
and employed the values to reproduce the field con-
ditions using EPIC, which simulated the variability in
lint yields with r of 0.86 and RMSE of 0.22 t/ha. The
main conclusion from the present work is that ap-
propriate parameter estimates, including RUE, are
critical to reproduce the field conditions of a crop.
The results also show that with appropriate par-
ameter estimation, EPIC can give reasonable mean-
yield simulations for crops of interest in the South
Texas conditions.
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mous editor and reviewers for the valuable comments.
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den Pflanzengesellschaften und seine Bedeutung für die
Stoffproduktion (On the factor light in plant communities
and its importance for matter production). Japanese Jour-
nal of Botany 14, 22–52.

MONTEITH, J. L. (1965). Evaporation and the environment.
In The State and Movement of Water in Living Or-
ganisms, XIX Symposium, Society for Experimental
Biology, Swansea, pp. 205–234. Cambridge: Cambridge
University Press.

MONTEITH, J. L. (1977). Climate and the efficiency of crop
production in Britain. Philosophical Transactions of the
Royal Society of London B 281, 277–294.

MORGAN, C. L. S., NORMAN, J. M. & LOWERY, B. (2003).
Estimating plant-available water across a field with an
inverse yield model. Soil Science Society of America
Journal 67, 620–629.

ROSENBERG, N. J., BLAD, B. L. & VERMA, S. B. (1983).
Microclimate: The Biological Environment, 2nd edn. New
York: John Wiley and Sons.

ROSENTHAL, W. D. & GERIK, T. J. (1991). Radiation use
efficiency among cotton cultivars. Agronomy Journal 83,
655–658.

ROSENTHAL, W. D., GERIK, T. J. & WADE, L. J. (1993).
Radiation-use efficiency among grain sorghum cultivars
and plant densities. Agronomy Journal 85, 703–705.

SINCLAIR, T. R. & HORIE, T. (1989). Leaf nitrogen, photo-
synthesis, and crop radiation use efficiency: a review.
Crop Science 29, 90–98.

THORNLEY, J. H. M. (1976). Mathematical Models in Plant
Physiology. London: Academy Press.

TOLLENAAR, M. & BRUUSEMA, T. W. (1988). Efficiency of
maize dry matter production during periods of complete
leaf area expansion. Agronomy Journal 80, 580–585.

WANG, X., WILLIAMS, J. R., IZAURRALDE, R. C. & ATWOOD,
J. D. (2004). Sensitivity and uncertainty analyses of
crop yields and soil organic carbon simulated with
EPIC. Transactions of the American Society of Agricul-
tural Engineers 48, 1041–1054.

WILLIAMS, J. R., JONES, C. A. & DYKE, P. T. (1984). A
modelling approach to determining the relationship be-
tween erosion and soil productivity. Transactions of the
American Society of Agricultural Engineers 27, 129–144.

WILLIAMS, J. R., JONES, C. A., KINIRY, J. R. & SPANEL, D. A.
(1989). The EPIC crop growth model. Transactions of the
American Society of Agricultural Engineers 32, 497–511.

178 J. KO ET AL.


